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* * * 

Claims 

1. A method for flattening the surface of a semiconductor device, characterized by the 
fact that a primary chemimechanical polishing (CMP) is applied to the surface of a base material 
until a dishing phenomenon results on the polished surface of a metal part; another metal is 
deposited on the surface of the metal part, so that a surface recess due to the dishing phenomenon 
is filled with said metal; and a secondary chemimechanical polishing is applied to the surface of 
the base material. 

2. The method for flattening the surface of a semiconductor device of Claim 1, 
characterized by the fact that the process for depositing the above-mentioned metal is an 
electroless copper plating process. 

3. The method for flattening the surface of a semiconductor device of Claim 2, 
characterized by the fact that the above-mentioned electroless copper plating is a substitutional 
plating. 

4. The method for flattening the surface of a semiconductor device of Claim 2, 
characterized by the fact that the above-mentioned electroless copper plating is an auto-catalytic 
plating. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a method for flattening the surface of a semiconductor 
device, which method flattens the surface of the semiconductor device, for example, when a 
semiconductor device with a fine wiring structure is manufactured. 

[0002] 
Prior art 

Recently, along with the high integration of semiconductor devices, wiring of circuits has 
been miniaturized, and the size of the devices being integrated has also been miniaturized. Here, 
in the manufacturing process of a semiconductor device, a process that removes a film formed on 
the surface of the semiconductor device by polishing and flattens the surface is frequently 
required. As one means of flattening, polishing is carried out by chemimechanical polishing 
(CMP). In such chemimechanical polishing (CMP), a semiconductor wafer is interposed between 
a turntable with an attached abrasive cloth (pad) and a top ring, and both of them are rotated 
while the semiconductor wafer is pressed against the turntable by the top ring. A grindstone 
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solution (slurry) is supplied to the abrasive cloth, and the surface of the semiconductor wafer is 
polished in a flat mirror shape. 

[0003] 

As purposes of a process using chemimechanical polishing (CMP), © trench formation 
for a capacitor structure (removal of polycrystalline Si), © SiC>2 removal for element separation 
(STI: Shallow Trench Isolation), (D interlayer insulating film (ILD) formation (SiC>2 removal), 
© W removal for forming a contact, ® removal of metal, Si0 2 , etc., for forming recessed 
embedded wiring (Damashin [transliteration]), etc., can be mentioned. 

[0004] 

In chemimechanical polishing (CMP), since objects undergoing polishing depend 
variously on the process (for example, the above-mentioned ®-(D) used for the polishing, the 
operating conditions (pad characteristic, grindstone particle characteristic, slurry solution, 
average surface pressure, relative speed, working time, etc.) are adjusted in accordance with each 
situation. 

[0005] 

Here, one of the main problems in chemimechanical polishing, a dishing phenomenon, is 
caused in a part in which the width of metal exposed on the surface being polished is large 

[0006] 

Figure 4 conceptually shows a state in which the dishing phenomenon is caused on the 
surface of a metal (Cu) when chemimechanical polishing (CMP) is applied in forming a recessed 
embedded wiring of Cu. In other words, as shown in Figure 4(a), a recess 2 is formed in an 
insulating film 1 according to a.prescribed wiring pattern, a barrier layer 3 composed of TiN, 
etc., is formed on the insulating film 1, and a Cu layer 4 is formed on it. Then, as shown in 
Figure 4(b), the surface is flattened by applying chemimechanical polishing (CMP), so that a 
groove-shaped wiring 5 formed of Cu is formed. At that time, a surface recess 5a due to the 
dishing phenomenon is easily caused on the polished surface of the wiring 5 with a relatively 
wide width, and a surface recess 5b due to a microdishing phenomenon is easily caused on the 
surface of the wiring 5 with a narrow width. 

[0007] 

The dishing phenomenon of the metal surface is mainly closely related to the rotation 
speed and the hardness of the pad of the CMP, and specifically, it is thought that a pad with a 
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relatively low rigidity (soft) can cause a local deformation along with recessions and projections 
of the surface being polished, so that the dishing phenomenon results. On the other hand, it is 
thought that the microdishing phenomenon is caused by the difference in the selection ratio due 
to the difference in hardness between the metal and the barrier material and chemical factors due 
to oxidizing agents in the slurry. 

[0008] 

The kinetics of chemimechanical polishing (CMP) can be expressed by the following 
Preston equation (1) similarly to a general polishing. 

(Mathematical Formula 1) 

5H/5t = Kp • IV A ■ 81/8t (1) 

H: Height of the convex part of a pattern t: Working time 

L: Load A: Contact area 1: Amount of relative movement 

5H/5t, 81/6t: Polishing rate, relative speed 

Here, Kp is called the Preston coefficient and is a constant that is a function of the 
system. Even if the variables other than the Preston coefficient Kp of the right-hand side of 
equation (1) are set at fixed values, the Preston coefficient Kp is influenced by the materials of 
pad and slurry, composition, polishing characteristic of the material being polished, etc. 
Therefore, if a distribution of the polishing rate due to a difference in the base material exists, 
local recessions and projections are generated on the base material surface, with the pad causing 
elastic deformation in accordance with them. In other words, since the pad surface layer part is 
inserted into the recessed part, the dishing phenomenon is noticeably generated. 

[0009] 

Then, since a surface recession which cannot be ignored is generated in the wiring part by 
the dishing phenomenon plus the microdishing phenomenon, not only is variation generated in 
the wiring resistance, but an electric short-circuit is very likely by a residue of copper when a 
multilayer is formed. For this reason, it is desirable to eliminate a surface recess of the wiring 
part by preventing the generation of the dishing phenomenon and the microdishing phenomenon 
or by applying a certain repair treatment to the wiring part after polishing. 
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[0010] 

In order to prevent the dishing phenomenon during CMP, mechanical, material, chemical, 
or other various measures are applied. For example, as a mechanical measure, © the adoption of 
a hard (high rigidity) polishing pad can be mentioned, and as a material measure, ® the 
development of a slurry suitable for the metal and barrier material can be mentioned. Also, as a 
chemical measure, (D the addition of a mixed solution of glycine (CH 2 NH 2 COOH) and H2O2 to 
the polishing slurry is recommended. In addition, ® a regular dummy pattern is intentionally 
assembled in the part of the substrate with a low wiring density, and ® parts undergoing major 
polishing are specified and subjected to a two-step CMP under different conditions. 

[0011] 

Problems to be solved by the invention 

However, in the above-mentioned mechanical and material measures, the probability of 
generating scratch-shaped surface defects arises, and in the chemical measure, the maintenance 
control of the slurry solution is complicated. Furthermore, in the other measures, the material 
cost and the number of processes required for polishing are increased. Thus, each of the prior art 
measures was incomplete, and in actuality, a permanent measure that could be entirely adopted 
did not exist. 

[0012] 

The present invention considers the above-mentioned situation, and its objective is to 
provide a method for flattening a semiconductor device that repairs a surface recess of a metal 
part generated by the dishing phenomenon during the CMP and that can uniformly flatten the 
entire surface. 

[0013] 

Means to solve the problems 

The invention of Claim 1 is a method for flattening the surface of a semiconductor 
device, characterized by the fact that a primary chemimechanical polishing (CMP) is applied to 
the surface of a base material until a dishing phenomenon results on the polished surface of a 
metal part; another metal is deposited on the surface of the metal part, so that a surface recess 
due to the dishing phenomenon is filled with said metal; and a secondary chemimechanical 
polishing is applied to the surface of the base material. 
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[0014] 

Thus, a surface recess due to the dishing phenomenon of the metal part during the 
primary chemimechanical polishing is repaired by another metal deposited on the surface of said 
metal part and subjected to the secondary chemimechanical polishing at low surface pressure, for 
instance, so that the same flatness of the metal part surface as the surface of an insulator, etc., 
other than the metal part can be realized. 

[0015] 

The invention of Claim 2 is the method for flattening the surface of a semiconductor 
device of Claim 1 characterized by the fact that the process for depositing the above-mentioned 
metal is by electroless copper plating. According to electroless copper plating, unlike ordinary 
electroplating, since a current supply from the outside is not required, there are no restrictions on 
the shape, size, etc., of an object, and due to selective plating, a plating film is not deposited on 
the surface of an insulator, etc., other than the metal part. 

[0016] 

The invention of Claim 3 is the method for flattening the surface of a semiconductor 
device of Claim 2 characterized by the fact that the above-mentioned electroless copper plating is 
a substitutional plating. Substitutional plating is a plating method that enables a limited coating 
of a very thin layer by substituting noble metal ions dissolved in a plating solution for metal of 
the uppermost surface of the base material, and it can be applied only when a desired film 
thickness is very thin. 

[0017] 

The invention of Claim 4 is the method for flattening the surface of a semiconductor 
device of Claim 2 characterized by the fact that the above-mentioned electroless copper plating is 
an auto-catalytic plating. Auto-catalytic plating is a plating method that enables limited 
precipitation and deposition on a catalytic metal, and it is industrially well established for copper 
and nickel. 

[0018] 

Embodiment of the invention 

Next, an example of the method for flattening the surface of a semiconductor device of an 
embodiment of the present invention is explained referring to Figures 1-3. 
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[0019] 

This embodiment shows an example in which the present invention is applied to a wiring 
formation process of Cu Damashin. As shown in Figure 1(a), first, an insulating layer (Si0 2 ) 12 
is deposited on a semiconductor wafer (base material) 10 composed of silicon, and a recess 14 is 
formed in the insulating layer 12 according to a prescribed wiring pattern. Next, a barrier layer 
16 composed of TiN, etc., is formed on the insulating layer 12 by sputtering, and a seed layer 18 
composed of the same Cu as the embedded metal is formed by sputtering. Then, using the seed 
layer 18 as a power supply layer, a Cu layer 20 is formed on the seed layer 18 by electroplating. 
At that time, a Cu (electroconductive material) 20a is embedded into the recess 14. 

[0020] 

Then, as shown in Figure 1(b), a first chemimechanical polishing (CMP) is applied to the 
surface of the base material 10, and the Cu 20a in the recess 14 is exposed on the outside and is 
flattened, so that a groove-shaped wiring 22 composed of the Cu 20a is formed. When a surface 
recess 22a due to the dishing phenomenon is generated on the surface of the wiring 22, the 
primary chemimechanical polishing is stopped. In other words, as shown in Figure 2, when the 
width W of the wiring 22 is 0.1-10 ^m and the height H is 0.1-1 nm, the depth D of the surface 
recess 22a due to the dishing phenomenon on the surface of the wiring 22 is suppressed to about 
50 nm = 500 A or less, for instance. 

[0021] 

Next, as shown in Figure 1(c), a Cu repair part 24 is deposited on the surface of the 
wiring 22 composed of Cu by applying electroless copper plating to the surface of the base 
material 10, and the surface recess 22a of the wiring 22 is completely filled by the Cu repair part 
24. In other words, for the entire wiring 22, a Cu repair part 24 deposited on the surface is 
elevated above a plane 12a formed by the insulating layer 12. Also, the metal deposited by the 
plating may be a metal other than Cu. 

[0022] 

With electroless copper plating, a current supply from the outside is not required, and 
restrictions on shape, size, etc., of an object are eliminated. Furthermore, the plating reaction is 
advanced (selective plating) only on the surface of the wiring 22 metal (Cu), so the deposition of 
a plating film on the surface of the insulating layer 12 can be eliminated. 

[0023] 

Types of electroless copper plating are shown in Table 1. 
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*1: When all of the liquid contact surface of the base material is coated with a very thin film, the 
reaction is stopped (a thick film cannot be applied). 

*2: The installation of a counter electrode is required (the constitution of the cell system and the 
maintenance are complicated) 

*3: The metal precipitation is deficient regarding undercoating selectivity (also deposited on the 
insulator), and the stability of the plating solution is low. Film formation by means of a mirror 
reaction is a typical example. 

*4: Limited precipitation and deposition are possible on a catalytic metal. Copper and nickel are 
also industrially established. 



1 


Types of electroless copper plating 


2 


Driving force required for reducing metal ions 


3 


Potential difference between different kinds of metals 


4 


Rendering electrons by a reducing agent 


5 


Mechanism of plating precipitation 


6 


Substitution of the uppermost surface by noble metal ions 


7 


© Substitutional plating* 1 


8 


Cell pair constitution with a base metal anode 


9 


© Contact plating*2 


10 


(No catalyst used) 


11 


® Non-catalyst plating*3 


12 


Use of a reduced and precipitated metal itself as a catalyst 


13 


© Auto-catalytic plating*4 



Here, in substitutional plating ©, since limited coating is possible of a very thin layer by 
substituting the noble metal ions dissolved in the solution for the metal of the uppermost surface 
of the base material, it can be utilized only when a desired film thickness is very thin. Also, for 
contact plating ® , the counter electrode consists of a metal baser than the base material, and an 
electric connection is required between the counter electrode and the base material. Therefore, 
the electric contact can be difficult in accordance with the shape of the metal part of the base 
material. Non-catalyst plating CD corresponds to a copper mirror reaction or a silver mirror 



reaction, and plating precipitation and deposition are caused (deficient undercoating selectivity) 
independently of the undercoating material. Furthermore, auto-catalytic plating ® is the only 
electroless plating industrially established for electroless copper plating and electroless nickel 
plating (as a representative example, there is the "Kanigen method") and is broadly applied to 
printed-circuit boards and chemical plants. 

[0024] 

From the above facts, for example, if the film thickness of the Cu repair part 24 can be 
very thin, it is clear that substitutional plating can be utilized and auto-catalytic plating can be 
utilized over other parts. 

[0025] 

In this embodiment, auto-catalytic electroless copper plating is utilized, and the 
composition of the plating solution used in the auto-catalytic plating is shown in Table 2. 



Table 2 
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Composition example of electroless copper plating solution, 20-24°C 

Example of practical solution 

Component 

Amount charged per 1 L solution, g 
Example 

Copper sulfate, CuS0 4 *5H 2 0 

37% formalin, HCHO 

Sodium hydroxide, NaOH 

Rochelle salt, NaK(C4H40 6 >4H 2 0 

Stabilizer 

Wetting agent 

Appropriate amount 



Key: 1 
2 
3 
4 
5 
6 



Here, formalin is a reducing agent, and owing to its toxicity, glyoxylic acid has recently 
been frequently used instead of it. Rochelle salt is effectively used as an inexpensive chelating 
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agent, and EDTA (the temperature is slightly elevated at 27-29°C) is sometimes used to raise the 
stability of the plating bath. As a stabilizer, bipyridyl may be used, and as a wetting agent, PEG 
(polyethylene glycol), etc., may be used. In addition to those shown in Table 2, various additives 
are sometimes further added in consideration of reaction initiation time, plating stress, hue, 
ductility, etc. 

[0026] 

Next, the sequence of auto-catalytic plating is explained referring to Figure 3. First, the 
wall surface is washed (step 1), washing with water is carried out (step 2), and etching for 
rendering an anchor effect is applied (step 3). Next, washing with water is carried out (step 4), 
neutralizing is carried out (step 5), and washing with water is reapplied (step 6). Then, 
immersing into an acid (step 7) is carried out, and plating is applied (step 8). 

[0027] 

Here, in this embodiment, since the wiring 22 (copper undercoating) exposed by the 
chemimechanical polishing and the Cu repair part 24 (deposited copper) of the electroless copper 
plating can form a mutually strong metal bonding, it is not necessary to render an anchor effect. 
Therefore, the above-mentioned steps 2-7 can be omitted. Furthermore, considering that the 
plating treatment is an intermediate process of the chemimechanical polishings, the 
above-mentioned step 1 can also be omitted. Therefore, after a sufficient cleaning of the surface 
of the base material 10 being plated, the surface of the base material 10 can also be merely 
contacted with the above-mentioned plating solution. 

[0028] 

Here, the plating film formed by reducing and precipitation from the plating solution in 
Table 2 grows to a thickness of about 0.3 nm (the film growth rate is constant at about 
20 nm/min = 3 A/sec) after about 15 min from the start; however, the plating rate decreases with 
time. This is due to the weak auto-catalytic characteristic of the copper that is reduced and 
precipitated by plating. Thus, even if the film grows at a low deposition rate of about 3 A/sec, as 
mentioned above, since the depth D of the surface recess 22a due to the dishing phenomenon on 
the surface of the wiring 22 is about 50 nm = 500 A or less, the surface recess 22a is repaired in 
the plating time of about 500/3 170 sec = 3 min, and the protruding part can also extend from 
the surface of the insulating layer 12. 
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[0029] 

Then, as shown in Figure 1(d), the secondary chemimechanical polishing is applied at a 
low surface pressure to the surface of the base material 10, and the surface of the Cu repair part 
24 is polished until it reaches the same plane as the plane 12a formed by the peripheral insulating 
layer 12. Thus, the surface recess of the metal part due to the dishing phenomenon is eliminated, 
and the intended same plane formation of the insulator surface part and the metal part surface can 
be achieved. 

[0030] 

Effect of the invention 

As explained above, according to the present invention, flatness can be increased by 
repairing a surface recess of the metal part generated by the dishing phenomenon during CMP. 
Thus, for example, a wiring structure in which a surface recess due to the dishing phenomenon of 
the metal part is repaired can be easily formed. 

Brief description of the figures 

Figure 1 is a cross section showing the method for flattening the surface of a 
semiconductor device of an embodiment of the present invention in the process sequence. 

Figure 2 is an enlarged cross section showing an enlarged metal part (wiring) after 
applying a primary chemimechanical polishing. 

Figure 3 is a block diagram showing the sequence of an electroless plating. 

Figure 4 conceptually shows a state in which a dishing phenomenon is caused. 

Explanation of numerals: 
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Cu repair part 
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Figure 2 




Figure 3 



Key: A 
B 



Step 1 Wall surface washing 
Step 2 Washing with water 
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C Step 3 Etching 

D Step 4 Washing with water 

E Step 5 Neutralizing 

F Step 6 Washing with water 

G Step 7 Immersing in an acid 

H Step 8 Plating 




Figure 4 



